ABSTRACT
INTRODUCTION
Homocysteine has received increasing attention as a risk factor for atherosclerosis (1) and recently, evidence is accumulating that it may be involved in the pathogenesis of alcoholic liver injury (2, 3) . Homocysteine plays a pivotal role in the metabolism of the essential amino acid methionine, which is the precursor of S-adenosylmethionine (SAM), the methyl donor in hundreds of methylation reactions including RNA, DNA, proteins, and lipids. Homocysteine is formed upon demethylation of SAM and subsequent hydrolysis of Sadenosylhomocysteine (SAH) and lies at the junction of two intersecting pathways, the transsulfuration pathway -the pathway that converts the sulfur atom of methionine to cysteine and glutathione, as well as its ultimate removal as sulfateand the remethylation pathway -the pathway that conserves homocysteine as methionine, and that is coupled to cobalamin, folate and betaine metabolism. The coenzyme forms of vitamin B 6 , 5-methyltetrahydrofolic acid and methyl cobalamine are required for its metabolism (4) . As chronic alcoholics suffer from micronutrient deficiencies including vitamins, they are prone to developing hyperhomocysteinemia (5, 6, 7) . Recently, it has been shown that excitatory amino acid neurotransmitters and homocysteine levels are elevated in alcoholic patients (1) .
Furthermore, it has been found that homocysteine induces neuronal cell damage by stimulating N-methyl-D-aspartate (NMDA) receptors as well as by producing free radicals (7). Homocysteine neurotoxicity via over stimulation of NMDA receptors may contribute to the pathogenesis of both, brain shrinkage and withdrawal seizures linked to alcoholism (8, 9) . There are, however, two other biochemical reactions specific for homocysteine that may be involved in homocysteinemediated liver injury. The first is the synthesis of SAH, a potent inhibitor of methyltransferases (10) in equilibrium with homocysteine . Consequently, increased homocysteine may result in inhibition of multiple methylation reactions, a key component of many signaling pathways. The second reaction is the formation of homocysteine thiolactone (11) that can react with primary amines of proteins such as lysine.
Homocysteine thiolactone can react with lysine residues and free amine groups on numerous cellular proteins, leading to altered biological activity and premature degradation (12) . All of these aforementioned mechanisms may be involved in mediating the adverse effect of hyperhomocysteinemia.
The aim of this study was to assess serum homocysteine levels in patients of chronic alcohol abuse and their association to alcohol withdrawal. We studied serum levels of homocysteine and nutritional parameters like prealbumin, transferrin, total protein and albumin in two groups of patients of chronic alcohol abuse who were admitted into an alcohol rehabilitation unit for 8 weeks. The first group completed the 8 weeks program successfully. The participants in the second group discontinued the program within 2 weeks of admission after experiencing excessive alcohol withdrawal symptoms and crave for alcohol.
MATERIALS AND METHODS

Patients :
Patients of chronic alcohol abuse (n=50) admitted to the "Deaddiction Center for Substance Abuse, Kamineni Foundation", Kamineni Institute of Medical Sciences, (Narkatpally, Andhra Pradesh, India) were inducted into the study. Patients participated in a holistic 8-week program to promote rehabilitation from alcoholism. All the patients were addicted to alcohol for 8-10 years. The demographic and clinical findings on admission are given in Table- 1. Patients with pre-exiting liver diseases and gross malnutrition were excluded from the study.
During the hospital stay, patients received a balanced nutritious diet and multivitamin tablets of B 6 , B 12 and folic acid. A qualified counsellor provided psychological counselling for the patient and the patients' family. Other than treatment for minor ailments, no other medications were given to the patient during the 8-week period.
Of the 50 patients enrolled in the study, 39 patients completed the 8 weeks program during which time, the patients abstained completely from alcohol. These were Group I patients, which were investigated twice, Ia (sample on admission), and Ib (sample on discharge) Eleven patients dropped out of the program and were placed in Group -II. The study was conducted in accordance with the requirements of the Kamineni Institutional Review Board.
Methods : Blood samples were obtained under fasting conditions on admission and after 8 weeks of alcohol abstinence. For eleven patients who discontinued the program, samples were not collected at the time of discontinuation of the program. Serum homocysteine was estimated by ELISA. Serum prealbumin, transferrin, total protein and albumin, gamma glutamyl transferase (GGT) and alanine transaminase (ALT) were estimated on autoanalyser.
Statistics :
Results are expressed as Mean±SD Levels of parameters in group I, Ia (sample on admission), Ib (sample on discharge) and group II were compared by students 't'-test. All analysis were performed with one tailed test, with p≤0.05 as the level of significance. Correlation was studied using Pearson's correlation matrix and significance was calculated.
RESULTS
Among the 50 patients who joined the program, 39 completed the 8-week rehabilitation program (group 1). Eleven patients left within 2 weeks of joining the program (group II). The chief complaints and symptoms exhibited by group II patients were anxiety, restlessness, intense craving for alcohol, aggressive behavior, headache and nausea.
During the 8 weeks of alcohol abstinence, patients were given a balanced diet and vitamin B complex supplementation. A significant improvement was observed in their nutritional status as evinced by elevation of serum levels of prealbumin, transferrin, total protein and albumin (Table 2 ). Serum levels of homocysteine decreased significantly (p < 0.002) to normal levels from previous levels of moderate hyperhomocysteinemia. This was accompanied by decrease in serum GGT and ALT levels indicating improved hepatocellular integrity and liver function ( Table 2 ).
The more important finding in this study was that group II
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patients who were unable to tolerate abstinence from alcohol, had significantly higher serum homocysteine levels (p<0.001) and poorer nutritional status when compared to group I patients who completed the scheduled program (Table 3) . At the time of admission , the average serum homocysteine levels in group II patients indicated severe hyperhomocysteinemia whereas moderate hyperhomocysteinemia was indicated in group I patients . No correlation was observed between serum homocysteine levels and nutritional parameters with levels of liver enzymes in both group 1 and group II patients. Hence, the hyperhomocysteinemia observed in these patients is independent of the degree of liver dysfunction.
DISCUSSION
The possible link between homocysteine and alcoholism stems from the fact that homocysteine metabolism is closely linked to the metabolism of the three B complex vitamins (5) . Due to these relationships, nutritional deficiency of any one of these vitamins, as a consequence of chronic alcohol intake, could lead to metabolic impairment and potentially to hyperhomocysteinemia (13) . Another study performed in chronic alcoholics in whom hyperhomocysteinemia was observed along with disturbed vitamin status, demonstrated DNA hypomethylation in peripheral lymphocytes as well (1) . Since all these alterations were observed in the absence of clinically overt liver disease, one might speculate whether these metabolic abnormalities could be involved in the pathogenesis of withdrawal symptoms associated with chronic alcoholism.
It was postulated that hyperhomocysteinaemia and excitatory amino acid neurotransmitters, by their agonism at the Nmethyl-D-aspartate receptor, may partly mediate alcoholassociated withdrawal symptomatology (12, 13) . In this study, hyperhomocysteinemia was associated with the inability to tolerate abstinence from alcohol. Patients who successfully completed the 8 weeks program had lower homocysteine levels, which reduced further by the end of the program.
